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FOREWORD 

This Indian Standard was adopted by the Bureau of Indian Standards, after the draft finalized by the Statistical 
Methods for Quality and Reliability Sectional Committee had been approved by the Management and Systems 
Division Council. 

Control charts based on inspection by gauging can be conveniently used for controlling both the location and the 
variability parameters of a measurable characteristic of a process, having two-sided specifications. These control 
charts are used in situations where: 

a) the underlying distribution is normal or nearly normal, 

b) the location and the variability parameters are two-sided and one-sided (larger than the aimed value shifts) 
respectively, 

c) the values of the process mean and process variation are known, and 

d) inspection by attributes is preferred to that by variable from practical considerations. 
These charts are particularly suitable when underlying inspection is destructive in nature. 

The composition of the Committee responsible for formulation of this standard is given in Annex A. 

In reporting the result of a test or analysis, if the final value, observed or calculated is to be rounded off, it shall 
be done in accordance with IS 2 : 1960 'Uules for rounding off numerical values ( revised )\ 
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Indian Standard 



CONTROL CHARTS BASED ON INSPECTION 

BY GAUGING 



1 SCOPE 

This standard covers control charts when inspection 
is based on gauging. The use of this control chart 
has been illustrated with an example. Further the 
advantages of this chart over X— R charts and also 
the estimation of population mean and population 
variation have been included. 

2 REFERENCES 

The following standards contain provisions, which 
through reference in this text constitute provisions 
of this standard. At the time of publication, the editions 
indicated were valid. All standards are subject to 
revision and parties to agreements based on this 
standard are encouraged to investigate the possibility 
of applying the most recent editions of the standards 
indicated below: 

IS No. Title 

397 ( Part 1 ) : Method for statistical quality control 

1972 during production: Part 1 Control 

charts for variables {first revision) 

7920 Statistical vocabulary and Symbols: 

(Parti): 1994 Probability and general statistical 
terms ( second revision) 

(Part2):1994 Statistical quality control (second 
revision ) 

3 TERMINOLOGY 

For the purpose of this standard, the definitions given 
in IS 7920 ( Part 1 ) and IS 7920 ( Part 2 ) shall apply. 

4 INSPECTION BY GAUGING 

4.1 Inspection by gauging classifies items by using 
a pair of gauges, called Lower Gauge Limit ( LGL ) 
and Upper Gauge Limit ( UGL ), into the following 
three categories: 

a) those falling short of LGL, 

b) those lying between LGL and UGL, and 

c) those exceeding the UGL. 

4.1.1 The number of items in a sample of size n 
belonging to each of the above three categories are 
denoted by a, c, and b respectively. Of these, numbers 
a and b are directly noted, and c is taken as n-a-b. 



4.1.2 Since UGL and LGL are usually different from 
Upper Specification Limit ( USL ) and Lower 
Specification Limit ( LSL ) respectively, it is to be noted 
that the items falling under categories 4.1 (a) 
and 4.1 (c) may not necessarily be non-conforming. 

4.2 Besides mechanical inspection of engineering items 
for dimensional requirements by using pair of go-no- 
go gauges, there are many other situations in which 
inspection results generate this type of data, for 
example, classifying the items by weight into under- 
weight, normal, and over-weight; classifying fuse- 
heads by their sensitivity into insensitive, normal and 
hypersensitive, etc. 

4.3 Gauge-Limits 

4.3.1 When the measurable quality characteristic 
follows normal or any other symmetrical distribution, 
LGL and UGL are placed symmetrically around the 
targeted process average. Thus if \i and o are the 
known values for process mean and process standard 
deviation respectively , the gauge-limits are taken as: 

LGL=u -vc 

UGL=u + vc 

4.3.2 The choice of v, when the underlying distribution 
is normal, has been discussed in 6. 

4.4 For symmetrical distribution such as normal, when 
a sample of size n is gauged against a pair of gauges 
of the type mentioned in 4.3.1, the numbers a, ( below 
LGL ) and b ( above UGL ) are obtained. The measures 
( b - a ) and ( b + a ) are sensitive to changes in process 
mean ( u ) and process standard deviation ( a ) 
respectively from their corresponding target values. 

5 PRELIMINARY STEPS 

5.1 Choice of Probability of False Alarm 

Control limits for control charts based on inspection 
by gauging are set up ensuring a pre-assigned 
probability a of falsely rejecting state of control. Here 
the concept of 3 a control limits is not pertinent. As 
such, a decision on the choice of a suitable in a given 
situation is to be taken. While a = 0.005 and 0.01 is 
normally suitable for the control chart purpose, a =0.0 1 , 
0.025 and 0.05 may also be considered if the tool is 
used for hypothesis testing. 

5.2 Choice of Sub-group Size 

Control charts based on inspection by gauging are 
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essentially attribute charts, similar to the conventional 
np charts. Thus, usually, a higher sub-group size, 
compared to control charts for variables, is needed 
to ensure reasonable protection against wrong 
decisions. However, through optimal determination 
of gauge-limits and control limits ( using criteria for 
decision under risk and/or uncertainty ), the error- 
controlling properties of these charts may compare 
quite favourably with those of variable control charts 
even for identical sample size. In view of this, and 
also to keep sub-group size small, often a sample size 
between 7 to 10 should be adequate, contrary to the 
higher sample size for an attribute control chart. 

5.3 Choice of Control Charts 

5.3.1 As mentioned in 4.4, for a sample gauged against 
a pair of gauges, ( b - a ) and ( b + a ) are sensitive to 
changes in u and a. Hence a pair of control charts 
for ( b - a ) and ( b + a ) should be looked upon as 
substitutes for the conventional X and R ( or s ) charts 
respectively. 

5.3.2 However, it has been found that a single control 
chart for a and b ( plotting two points corresponding 
to these measures against each sub-group number ) 
is not only more user-friendly but also has better error- 
controlling properties as compared to a pair of charts 
for ( b - a ) and ( b + a ), almost everywhere in the 
two-dimensional parameter space for u and o, except 
on the line cr - cr ( that is, when o does not change ). 
In this case the latter pair of charts performs only 
marginally better. 

5.3.3 Thus, it is recommended that a single chart for 
( a,b ) should be used. 

6 (a, A) CHART 

6.1 Setting 

6.1.1 Having decided on the sub-group size n and 
the probability a of false alarm, find the values of the 
gauge factor v and the single control limit r from 
Table 1. 

6.1.2 The values of v and r for various combinations 
of ( «, a ) have been given in Table 1 under the 
assumption that the distribution of quality 
characteristic is normal. 

6.1.3 Since usually the optimal v values are smaller 
than 3, as is evident from Table 1, the gauges are 
somewhat compressed or narrow as compared to 
standard tolerances. Therefore, these charts are 
sometimes referred to as compressed or narrow limit 
gauging charts. 

6.1.4 Gauge-limits are set as: 

LGL = u - v o and UGL = u + v o 



where u and a are the known values of process mean 
and process standard deviation. 

6.2 A control chart is drawn with the x-axis meant 
for sub-group numbers and they-axis meant for both 
a and b. 

6.2.1 A single control limit is drawn at y = r. There is 
no central line. 

6.3 Plotting 

Items in each sub-group are gauged one by one against 
LGL ( u - v c ) and UGL ( u + v c ) sequentially, and 
the numbers a ( items below LGL ) and b ( items 
exceeding UGL ) are noted. Against each sub-group 
number, two points A and Bare plotted corresponding 
to a and b respectively. Successive points 
corresponding to each of a and b may be connected 
by continuous and broken lines separately, preferably 
using two different colours. 

Table 1 Values of Factors v and r for Different 
( «, a ) Combinations 

{Clauses 6.1.1, 6.1.2 ctnd6.l.3) 





a = 0.005 


a = 0.010 


a = 0.025 


a = 0.05 


n 


V 


r 


V 


r 


V 


r 


V 


r 


2 


3.023 


1 


2.806 


1 


2.495 


1 


2.236 


1 


3 


1.894 


2 


1.735 


2 


1.506 


2 


2.388 


1 


4 


2.040 


2 


1.889 


2 


1.673 


2 


1.493 


2 


5 


2.113 


2 


1.997 


2 


1.790 


2 


1.618 


2 


6 


1.626 


3 


2.081 


2 


1.879 


2 


1.713 


2 


7 


1.713 


3 


1.595 


3 


1.951 


2 


1.789 


2 


8 


1.784 


3 


1.670 


3 


1.506 


3 


1.852 


2 


9 


1.844 


3 


1.732 


3 


1.573 


3 


1.440 


3 


10 


1.896 


3 


1.786 


3 


1.630 


3 


1.500 


3 


15 


1.747 


4 


1.657 


4 


1.833 


3 


1.712 


3 


20 


1.889 


4 


1.802 


4 


1.965 


3 


1.850 


3 


25 


1.762 


5 


1.907 


4 


1.690 


4 


1.950 


3 


30 


1.672 


6 


1.989 


4 


1.779 


4 


1.779 


4 


40 


1.547 


8 


1.611 


7 


1.579 


6 


1.579 


6 


50 


1.379 


11 


1.507 


9 


1.367 


9 


1.367 


9 



6.4 Interpretation 

6.4.1 The status of a sub-group will be indicated in 
the control chart as follows: 

S 1 : both a and b lie below the control limit; 

S2 : a lies below the control limit, b lies on or above 
control limit; 
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53 : b lies below the control limit, a lies on or above 
control limit; and 

54 : both a and b lie on or above control limit. 

S 1 indicates a state of control, while the other three 
indicate presence of assignable causes of variation 
in the process. S2 indicates a shift of process mean 
( u ) to the right of u . S3 indicates a shift of process 
mean to the left of u , and S4 indicates a shift ( increase ) 
in process variation from (a ). 

6.4.2 When the process is in a state of control, the 
two lines connecting a and b values are expected to 
frequently intersect each other. If they remain 
separated for a considerable period, even below the 
control limit, an ensuing shift in location may be 
suspected. 

7 ESTIMATION OF PROCESS MEAN AND 
STANDARD DEVIATION 

7.1 Collect a and b values from k sub-groups taken 
from a process under state of statistical control, 



Calculate a = E alk, 



b = Xblk 
p T =b/n 



where n is the constant sub-group size, and t(p^), 
t (1-pp) are the values of standard normal variates 
corresponding to areas to the left of/> F and 1 - p§ 
respectively, to be obtained from standard normal 
tables. t(pj) will be negative and f( 1-pg-) will be 
positive. 

7.2 The estimates of process mean ( u ) and process 
standard deviation (o) are obtained as: 

= Lt(l-p F )- Ut(p-) 
11 /(I-/*)- /(ft) 

U-L 



and a 



ai-P^)-t( Pj ) 

where t/and L are the UGL and LGL respectively. 
8 EXAMPLE FOR ( a, b ) CHART 

8.1 In a certain firm producing composite conductors 
of size 7/2.79 mm, it was decided to install suitable 
control charts for ultimate tensile strength expressed 
in units of kgf/mm 2 . From past data, the process 
average was to be centered around at 19.5 kgf/mm 2 . 
It was also known that the standard deviation of the 
process was 1 .00 kgf/mm 2 . From each cable drum 
chosen as the control unit, 7 sample results were 
available corresponding to the 7 strands of the 
composite conductor. 

8.2 The results are given in col (2) to (8) of Table 2. 
It may be noted that for operation of ( a, b ) chart, the 



actual measurements were not needed. However, to 
facilitate comparison, these results have been retained. 

8.3 For installing an ( a, b ) chart, the value a = 0.005 
may be taken as it is nearest to the corresponding 
value of a in control charts for- variables using 3o limits. 
For a = 0.005, n = 7, from Table l,v= 1.713 andr = 3. 

Also u = 19.5 and a = 1 .00 

Hence LGL = 19.5- 1.713 = 17.787 

UGL= 19.5 + 1.713 =21.213 

8.4 For each sample, the items are gauged sequentially 
against LGL and UGL and the values of a and b are 
noted. These values are shown in col 9 and 10 of 
Table 2. 

8.5 The resultant control chart is shown in Fig. 1 . 

8.6 It appears from the chart that the points 
corresponding to b for control units number 14 and 
1 5 were found to have gone out of control limit. Suitable 
remedial action was taken to stabilize the process in 
terms of location after which the process was again 
found to be in a state of statistical control. 

8.7 Comparison with X- R Chart 

8.7.1 If (X- R ) chart had been applied for data given 
in Table 2, the control limits forX-chart and /J-chart 
are given below: 



X- chart 
UCL=u + Ac =19.5 + 
1.134 = 20.634 



R - chart 



UCL = D 2 c = 5.203 



LCL = u -Ac =19.5+ LCL = D,o = 0.205 

1.134=18.366 

8.7.2 For values of A, D x and D 2 , reference may be 
made to IS 397 ( Part 1 ). 

8.7.3 From the X and R values given in the last two 
columns of Table 2, it is clear, that in JC-chart also, 
the points going out of control are only those 
corresponding to sub-group numbers 14 and 15. 

8.7.4 Just as no sub-group in ( a, b ) chart shows 
that both a and b values are out of control, no point 
in J?-chart indicates an out of control situation for 
process variation. 

8.8 Similarly it can be shown from median chart that 
the sub-group numbers 14 and 15 only would go out 
ofcontrol. 

8.9 Thus, for this example ( a, b ) chart is found to be 
as sensitive as either an (X- R) chart or a ( Median, 
range ) chart. 
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Table 2 Control Chart Data on 


Ultimate Tensile Strength ( kgf/mm 2 
Size 7/2.79 mm 


) of Composite Conductor of the 










( Clauses 8.2, 8.4, 8.7.1 and 8.7.3 ) 










Cable 
Drum No. 






Item Number in 


Sample 






a 


b 


Mean 
X 


Range 
R 




1 


2 


3 


4 


5 


6 


7 




(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


(10) 


(ID 


(12) 


1. 


19.63 


19.30 


18.81 


18.98 


19.30 


18.98 


19.80 








19.26 


0.99 


2. 


19.47 


19.14 


19.96 


18.00 


18.49 


18.32 


19.80 








19.03 


1.96 


3. 


19.14 


18.98 


18.32 


19.63 


19.30 


19.30 


19.30 








19.14 


1.31 


4. 


18.49 


18.81 


18.65 


18.98 


18.81 


18.81 


19.47 








18.86 


0.98 


5. 


18.32 


18.80 


18.81 


18.98 


18.32 


18.02 


18.81 








18.58 


0.96 


6. 


18.81 


18.00 


18.00 


18.32 


19.96 


19.30 


19.80 








18.88 


1.96 


7. 


19.14 


18.65 


18.00 


18.32 


18.49 


17.51 


18.65 


1 





18.39 


1.63 


8. 


18.98 


18.32 


19.63 


19.80 


18.00 


22.74 


19.14 





1 


19.52 


4.74 


9. 


19.80 


18.32 


20.78 


19.63 


19.43 


19.63 


20.94 








19.79 


2.62 


10. 


19.11 


18.00 


21.74 


19.27 


18.65 


20.75 


19.96 





1 


19.64 


3.74 


11. 


18.32 


20.92 


19.96 


19.96 


20.78 


21.08 


20.78 








20.26 


2.76 


12. 


18.16 


18.00 


17.34 


18.65 


19.14 


18.32 


18.00 


1 





18.23 


1.80 


13. 


18.12 


18.61 


18.28 


18.61 


18.32 


18.32 


17.62 


1 





18.27 


0.99 


14. 


22.90 


22.90 


20.94 


21.60 


19.96 


21.27 


21.90 





5 


21.64 


2.94 


15. 


22.09 


19.47 


22.90 


23.39 


18.32 


22.90 


22.90 





5 


21.71 


5.07 


16. 


18.00 


18.32 


19.63 


18.12 


18.81 


19.63 


20.12 








18.95 


2.12 


17. 


17.83 


19.14 


18.32 


19.60 


17.79 


19.30 


18.28 


1 





18.61 


1.81 


18. 


19.96 


18.80 


21.76 


19.27 


21.25 


20.94 


20.29 





2 


20.47 


2.49 


19. 


16.80 


17.79 


20.42 


18.32 


19.76 


17.29 


18.28 


2 





18.38 


3.62 




Fig. 1 ( a, b ) Charts 
4 
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9 ESTIMATION OF PROCESS MEAN AND 
PROCESS STANDARD DEVIATION 

As the sub-group numbers 14 and 15 are not in 
statistical control, these sub-groups are eliminated 
while estimating the process mean u and process 
standard deviation a from the ( a, b ) chart: 

a = 6/17 = 0.353 

6 = 4/17 = 0.235 

so that p^ = 0.353/7 = 050 4 ^=0.235/7 = 0.336 
1-/^ = 0.966 4 

and t O s ) = -1.640 78, t(l-p%) = 1.421 41 

Hence using the formula given in 4.5.2, we get 

21.213x1.640 78 + 17.787x1.42141 



anda = 



1.42141 + 1.64078 
21.213-17.787 



= 19.623 



= 1.119 



1.42141 + 1.64078 
10 USE AS A HYPOTHESIS TESTING TOOL 

10.1 The (a, b) chart outlined above may also be 
used as a tool for testing H : u = u , a < a against 
H x : u * \i , a > c under a normal model. The null 
hypothesis is to be rejected if either a > r or b £ r or 
both. 

10.2 However, in such a situation, it may not be 
necessary to gauge the entire sample if a curtailed 
inverse sampling scheme, as discussed below is 
adhered to. 

10.3 Here items are to be gauged one by one, at the 
ith stage note the values of a { and b { , the numbers of 
observations upto the ith item falling below LGL and 
exceeding UGL respectively, and c i = i- a t - b t , 
/=1,2....«-1. 

10.4 At the ith stage, one of the following 3 decisions 
is taken: 



a) accept H , if c { - n-r + l 

b) reject H : if a ; or b { = r, or 

c) continue gauging an additional item. 

10.5 If H is neither accepted nor rejected during 
the gauging of first «-l items, the nth item is finally 
gauged, and one of the following two decisions is 
taken: 

a) rej ect H Q , if a n or b n = r, and 

b) accept H , otherwise. 

10.6 Thus at most n items for each sub-group of size 
n axe to be gauged, and the average amount of 
inspection will be smaller than n. The amount of saving 
depends upon n, a and the amount of shifts in u^ and 
a. This feature is particularly appealing when inspection 
is destructive in nature and/or time consuming, and 
observations in the sample are available in natural 
sequence, for example, in life testing. 

11 COMPARISON WTTH(X-J?)OR(Y-5) CHART 

11.1 Although ( a, b ) chart is essentially a control 
chart for attributes, because of the optimal 
determination of gauge-limits using criteria for decision- 
making under risk and/or uncertainty, the error 
controlling properties of the chart have been found 
to compare quite favourably with those of ( X - R ) 
and (X- s ) charts. For small sub-group sizes, (a, b) 
chart with sub-group size n + 1 will match the 
performance of an ( X- R )-chart or ( X- s ) chart with 
sub-group size n, largely belying the popular belief 
to the contrary. 

11.2 The chart enjoys a distinct edge over those based 
on ( X~ R ) or ( X- s)on the two counts. First, here 
inspection, record keeping and analysis of results are 
much simple and less time-consuming, and therefore 
more economical and user-friendly. Secondly, unlike 
the latter two, this is adaptable to curtailed inverse 
sampling scheme, resulting in salvaging of substantial 
inspection material and saving of time, when inspection 

, is destructive in nature and/or time-consuming. 
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